Children in the eastern part of Finland have higher serum total and low-density lipoprotein (LDL) cholesterol levels than children in the western part of the country. This is consonant with the high mortality rate for coronary heart disease in eastern Finland. Eastern and western Finns are assumed to have different geographic origins; because of this we divided into groups 630 newborns and 3554 children and adolescents according to their grandparents' birthplaces, which, in Finland, reflect the origins of the children. No differences in serum lipid levels were found in the newborns but in the 3to 18-year-old children the differences in mean serum total and LDL cholesterol levels were accentuated by this division. Boys with grandparents from the extreme eastern part and those with grandparents from the western part of the country showed the greatest differences. Prepubescent boys 3 to 12 years old living in the west but with grandparents from the east had total and LDL cholesterol levels similar to those of boys living in and descended of grandparents from the east, despite their diet being of the western type. Thus, although diet is known to be a major determinant of serum cholesterol level, genetic factors also seem to play a role.
THE SERUM CHOLESTEROL levels of Finnish children are very high by international standards. ' During our multicenter study on precursors of atherosclerosis in Finnish children2 we found that serum lipid levels were higher in children living in eastern than in western Finland. This was in accordance with the east-west differences in serum cholesterol levels for adults in Finland. 3 The mortality rate for coronary heart disease (CHD), especially in middle-aged men, is likewise significantly higher in the eastern than in the western part of the country. 4 These differences may be due to environmental factors such as the abundant use in the diet of eastern Finland of fats with a low ratio of polyunsaturated to saturated fatty acids (P/S ratio).' The eastern population also might be genetically predisposed to high serum lipid levels and CHD in adulthood.
According to the dualistic immigration theory, eastern and western Finns have different origins.6 The western part of the population originated from immi-grants from the south over the Gulf of Finland, whereas the eastern parts of the country were settled from the east through the Lake Ladoga region. The genetic background of the children might thus partly influence their risk factor levels for CHD. In this study we wished to determine whether the established differences in serum cholesterol levels in adults already were apparent in children and whether these possible differences were inborn, appearing in newborns, or whether they appeared only later in childhood, perhaps as a result of a genetically determined predisposition.
Subjects and methods
Six hundred thirty full-term newborns were studied in 1981; 360 were born in eastern Finland and 270 in western Finland.
Type of delivery, Apgar scores, and the birthweight were recorded. The number of newborns with all four grandparents born in the east was 208 and the number with four born in the west was 35. Three thousand five hundred fifty-four children and adolescents, 3, 6, 9, 12, 15 , and 18 years old, were studied in 1980. Medical schools from five cities participated in the study. The children were living in these cities or in their surrounding rural areas. The numbers of boys and girls were approximately equal. Lipid levels were determined from umbilical cord blood samples in the newborns and from fasting serum samples in the children and adolescents. Figure 1 shows the participating cities and the east-west division of Finland according to risk for CHD. Serum total cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides were analyzed according to methods described previously.7 Low-density lipoprotein (LDL) cholesterol levels were calculated by the Friedewald formula.8 A survey of the diet of every second child was made by 48 hr recall. Fat consumption, intake of cholesterol and polyunsaturated and saturated fatty acids, and the P/S ratio were calculated from this survey.5 The P/S ratio was chosen to describe the quality of the dietary fats rather than the absolute intakes of individual fatty acids or dietary cholesterol, the intake of which is inversely related to the P/S ratio. Information about the birthplaces of the grandparents was obtained from the parents by questionnaire.
There were four stages of analysis (figure 2). In the first stage, the serum lipid levels of children living in the east and the west were compared. In the second stage, the children were divided into "eastern" and "western" groups according to the Tu FIGURE 1. The five cities with medical schools participating in the study and the east-west division of Finland according to risk of CHD. Age-standardized mortality rates for ischemic heart disease between 1969 and 1972 are given for the various provinces of Finland. The figures express the indexes based on a national average mortality rate of 100 for 35to 64-year-old men.9 The stippled areas represent the highest (extreme east) and lowest (extreme west) CHD mortality areas. 1120 birthplaces of their grandparents only without regard to their living area; the children were considered of eastern or western origin if all four of their grandparents were born in the same area. In the third stage, only those children with all four grandparents born in areas with the highest and lowest CHD mortality rates were included (figure 1); these areas are in the extreme eastern and western corners of Finland and have male CHD mortality indexes of 125 to 138 and 80 to 90, respectively. The island of Ahvenanmaa, which had the lowest index at 53, could not be considered because of the lack of grandparents originating there. The indexes used were the proportional mortality figures from 1969 to 1972 for 35to 64-year-old men, when the national average index was 100.9
The data set of lipid values was analyzed by three-way analysis of variance, where sex was the first grouping level, age the second, and eastern or western origin the third. Since sex is believed to involve a genetic factor that influences lipid values, separate two-way analysis of variance was done for boys and girls with the use of age and east/west variables as grouping factors. Clear trends associated with age and heteroscedasticity were seen. Therefore, when the age groups were combined, age-specific Z scores were used for subanalysis [Z = (x-xi)/ SD1; i -index of age group]. The significance of the differences between Z scores was tested by Student's t test. The test was acceptable because the serum lipid values were normally distributed.
Since serum lipid values change significantly at puberty,' the statistical analysis was repeated including only data on the 3to 12-year-old prepubescent children, i.e., children without pubic or axial hair or development of the mammary glands. The influence of different genetic factors in the presence of similar environmental factors (stage IV of the analysis, figure 2) was tested by analysis of the differences in serum lipid levels and the logarithms of the P/S ratios in the following groups in particular: children living in the east with grandparents from the east (n = 619), those living in the west with grandparents from the east (n = 81), and those living in the west with grandparents also from the west (n = 213). There were only 10 children who lived in the east but whose grandparents were from the west. Logarithms of the P/S ratios were used because the distribution was skewed toward the higher values.
Results
Newborns. There were no differences between eastern and western groups with respect to type of delivery or Apgar scores. The mean birthweights in the east and west were 3621 and 3518 g, respectively (p < .05). The mean birthweight of newborns with four grandparents born in the east was 3630 g and that of the corresponding western group was 3381 g (NS). The distribution of the serum lipid levels was normal. The mean serum LDL cholesterol value was slightly lower and the ratio of HDL cholesterol to total cholesterol slightly higher in the newborns born in the east (p < .05; table 1). When boys and girls were analyzed in separate groups no differences were noted. When the newborns were grouped on the basis of their grandparents' birthplaces, there were no significant differences in serum lipid levels. Children 
Design of the study and number of 3to 18-year-old children at each stage of the analysis. The grouping is based on children's living area and grandparents' area of origin. EE = living in east and grandparents from east; EW = living in east but grandparents from west; WE = living in west but grandparents from east; WW = living in west and grandparents from west.
2). When the children were grouped on the basis of their grandparents birthplaces (stage II, figure 2 ), the numerical differences tended to be greater than when they were grouped by the area in which they lived (stage I), although statistically the differences were not more significant. When only data from children with grandparents from the areas with the highest and lowest CHD mortality rates, i.e., the extreme east and west, were considered (stage III, figure 2), the levels were higher among boys whose grandparents were from the highest rate areas than among those with grandparents from the lowest rate areas. This was es-pecially evident in the 9 and 12 year olds, in whom the differences were 0.46 and 0.52 mmol/liter, respectively (table 2) . In girls the corresponding differences were less clear; at stage III of the analysis the difference was not statistically significant. In the combined group of all 3to 18-year-old boys the Z scores increased with increasing "easternness/westernness" (table 3) . The mean values for those from the east were significantly higher than values for those from the west. In the 3to 12-year-old prepubescent group, the greatest difference was found when the grouping was based on the birthplaces of the grandparents in the 4 ). LDL cholesterol. The correlations between serum LDL cholesterol level and living area and origin resembled closely those found for total cholesterol, the eastern children having higher levels than those in the west (table 5). The largest difference, 0.51 mmol/liter, was found between 9-year-old boys with grandparents from the highest and lowest CHD mortality areas (stage III). Among girls the difference after stage III calculations was not significant. In the combined group of 3 to 18 year olds the differences between the means of the Z scores increased with increasing easternness/westernness in the boys but not in the girls (table 3) .
In the 3to 12-year-old prepubescent group there was also a clear east-west difference. Although there were only 63 boys with grandparents from the highest CHD mortality areas, the difference between them and boys with grandparents from the lowest mortality area was significant (3.30 vs 2.99 mmol/liter, p < .01). There was no statistical difference between the corresponding groups of girls. Again, the boys who had grandparents from the east but who were living in the west had lipid values similar to those of boys living in the east, whereas the corresponding group of girls had the values of girls in the west. (table 4) by living area, serum HDL cholesterol levels tended to be the same in the east and west. The Z scores did not show differences between any east/west groups (table  3) . However, according to the analysis of variance, boys with grandparents from the east (stage II) had higher levels than those with grandparents from the west (table 6) . This was especially evident in the 15 and 18 year olds. Girls whose grandparents were from the east had lower levels than those whose grandparents were from the west (p < .001).
HDL cholesterolltotal cholesterol. Among girls the ratio of serum HDL to total cholesterol was lower in the east than in the west in almost every age group. In boys this kind of regularity was not found. The two-way analysis of variance did not show any differences between the mean values for the eastern and western groups (table 7) . Z scores from stage I analysis showed significant differences between the mean values in girls (p < .001), the values being higher in those from the west (table 3) . However, the differences between the mean values did not increase with increasing eastemness/ westernness. In the 3to 12-year-old prepubescent group the ratio was lower in the eastern children (table 4) . The difference between eastern and western children was statistically highly significant (p = .001) when the grouping was according to living area (stages I and IV) and significant (p < .01) when analysis was by the other two grouping methods (stages II and III).
Triglycerides. Serum triglyceride levels tended to be higher in the children from the east than in those from the west (table 8 ). In boys the differences were very significant (p < .001) when the grouping was based on grandparents' origin; in 3-year-old boys the mean values were 0.73 mmol/liter in the east and 0.65 mmol/ liter in the west, and in 12-year-old boys they were 0.75 and 0.65 mmol/liter, respectively. Girls who lived in the east (stage I, p < .001) and girls with grandparents from the east (stage II, p < .001) had higher levels than the corresponding western girls; 18year-old girls from the east had a mean value of 0.94 mmol/liter and those from the west a value of 0.80 mmol/liter (p .01). Z scores from the stage I analysis showed significantly higher values in the eastern girls (table 3) .
In the 3to 12-year-old prepubescent group signifi- ABy F test, two-way analysis of variance. cant differences were found between children with ,grandparents from the east and west (0.72 vs 0.67 mmol/liter, p < .01). The numerical difference was slightly higher if the children also lived in the area of origin of their grandparents (0.73 vs 0.67 mmol/liter; table 4). P/S ratios. The P/S ratio of dietary fats was lower in individuals in the east than in those in the west, as reported previously. 5 The ratio was highest (0.28) for the children with grandparents from the east but living in the west (0.29 in boys and 0.27 in girls; table 4 ). The ratio for children living in and with grandparents from the east was 0.21. The logarithmic values were highly significantly different (p < .001; table 4).
Discussion
CHD accumulates in families. 10 . 11 A positive family history is an important indicator of the risk of development of early-onset disease. 12 Plasma total, LDL, and HDL cholesterol levels of family members (excluding spouse pairs) show strong correlations. 13 Children's serum cholesterol levels cluster with those of their relatives. Thus, families at risk for CHD'4 11 can be identified. Despite many clues to the genetic cause of CHD, it is nevertheless extremely difficult to separate the effects of extrinsic, environmental factors from those of intrinsic, genetic ones. There is, however, some evidence that genetic factors play a role in determining serum cholesterol levels. 16 . 17 A country such as Finland, with a population of probable dualistic origin and little internal migration, provides an opportunity for evaluating the role of heredity vs environment as risk factor determinants.
Eastern and western Finland are different in many respects. Anthropologically the populations are of different types, '1 and they may have different genetic backgrounds. According to the dualistic immigration theory the eastern people arrived from the east by; way of the Lake Ladoga region, whereas the population of the southwest came from the south over the Gulf of Finland. There was already a sparse population in the west consisting of Scandinavian and German elements. Historically, the areas in which incidence of CHD was highest were settled from the southeastern part of the country,'9 mainly after 1500 A.D. The distribution of some rare recessive diseases in Finland supports this dualistic theory.6 It is also of interest that infants whose predecessors were from eastern Finland tend to have thicker coronary artery intima than do those whose predecessors were from western Fin- .20 Most of the grandparents of the children participating in this study were born around 1920. Up to that time there had been little internal migration in Finland and the ancestors of the family had probably been living in the same area for centuries. Thus, the birthplaces of the grandparents were considered to reflect the genetic origin of the children. 6 The incidence of hypercholesterolemia in adults is especially high in eastern Finland.3 This seems to be at least partly due to dietary factors.2' Our multicenter study on precursors of atherosclerosis in Finnish children showed an east-west difference in the quality of dietary fats, which was associated with serum lipid levels in such a way as to explain the difference in terms of diet.2'5 Very low P/S ratios in food and particularly high serum cholesterol levels22 also have been found in the children of Finnish farmers, further illustrating the importance of dietary habits in regulating serum cholesterol levels.
By making the origin of the children more uniformly east-west in this study, we found that the differences in serum lipid values tended to be accentuated between the different groups. The prepubescent children could be treated as one group because serum lipid levels do not change considerably before puberty.2 However, serum lipid levels are age dependent and children of different ages are difficult to compare. We therefore used age-specific Z scores instead of the actual lipid values to analyze the combined group of children from 3 to 18 years old.
Serum lipid levels in the newborns were about the same as previously reported.23 24 Serum LDL cholesterol was slightly lower and the ratio of serum HDL to total cholesterol slightly higher in those born in the east. In the analysis based on origin the numerical differences between the LDL levels remained. The results suggest that genetic factors do have a minor effect on the serum lipids of the newborn. However, it also should be noted that cholesterol-regulating enzymes continue to develop throughout the first year of life. 25 The serum cholesterol levels were internationally very high' in the 3to 18-year-old children studied. There was a trend toward higher lipid levels in children with greater "easternness." Pure descent (all grandparents from the east or west) strengthened the differences in serum total and LDL cholesterol levels. It is especially interesting that boys living in the west whose grandparents were from the east had high total and LDL cholesterol levels. Although these boys had more favorable P/S ratios than their eastern counterparts, they still had almost the "eastern" serum cholesterol levels. This phenomenon was not noted in the girls. The girls with grandparents from the east but living in the west had "western" serum cholesterol levels so that, apparently, the change in their fat intake changed their serum lipid values. The results suggest that Finnish men may have a genetic background for their high lipid levels.
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